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a preliminary reward it given*

The significant facet of

his resultsi'
was that a preliminary reward produces aedecrease in tine scores hut not 1st error scores*
in opposition to the results of Anderson*

This was

Bruce suggested

that perhaps the role of motivation in learning had Been
overemphasised.

Motivational stimuli in this case seemed

to he more important in the use of a habit already acquired
than in the acquisition of a habit.

He did not deny, how*

ever, the fact that through their effect on performance,
motivational stimuli may have some effect on the learning
process*

Bruce was the first investigator to suggest such

a distinction between learning and performance*
Skinner (72) found that the rate of responding in a
lever-pressing situation was inversely proportional to the
amount of food eaten prior to testing*

Though at first this

appears contrary to the results reported by Bruce it is not
because Bruce was dealing with very short periods of prefeeding*

Skinner pre-fed up to 6 grams*

Thus, small amounts

of pre-feeding have been shown to give superior performance,
but as the amount is increased the effect is to lessen mo
tivational level and subsequent performance*
In summary, it does appear that the amount of drive
influences time required for learning and perhaps errors during
learning, though the effect on errors is less clear-cut*

In

addition, however, Brace has proposed that the mator effect
of drive on behavior is on performance, rather than on ■*
learning*

CURRENT PROBLEMS
Having examined some of the earlier studies of
hunger let us now look at the current problems in this
area, end the theories and experiments which have dealt
with these problems.

Around 1940 several studies were

published., which have been repeated, end. modified w a r a
period of almost two decades*

The purpose of these studies

can be roughly divided into two categories£ on the one
hand there was interest in the effect of drive on learning|
and on the other hand, there were many studies of the effect
of drive level on performance.

Both of these problems are

dealt with in HuIlian theory (39, 40) and the relationships
have been set down in precise quatitative terms.

It appears

that Hull’s theory has been the basis for the majority of
the experimentation In this, area for several reasons*

first

of all Hulltan theory lends Itself to testing more easily
then most theories because of its precise nature.

Further,

Hull deals with the concept of drive to a greater extent than
any other theorist,

finally* it is the only theory that has

produced detailed statements of the relationship of drive to
learning and performance*
One problem inherent in the above discussion is the
separation of performance (SER) and learning (SHR).

According

mm

to Hull (34» 39e 40) habit strength is
solely of -the ntasfber of reinforcements.
not effect SHR per se» feet tether SEE*

to fee a function

Thus# drive does
Further,

$M

id also

a function of SHR* end the drive level time has its influence
on performance rather then learning.

In hie

interpretation

of'Hell1* theory Hilgard (34P p. 132) states that0*., most
of the influences........ are upon reaction potential (SER)
rather than upon habit strength (SHR). the distinction fee*
tween performance and learning# so long insisted upon fey
Tolmaa# was formally accepted In the 1943 postulates* hut fey
'now ha# greatly reduced' the quantitative influence of rein*
forcemeat upon associative learning.

We would expect the magni*

tude of each reinforcement to fee pertinent in determining the
contribution of reinforcement to habit strength, but we are now
told that this is not the case, so long as some unspecified
minimum of reduction In % occurs.** Reaction potential, then#
is thought of as being the result of four variables; primary
drive (D), stimnlus-intenaity dynamism (V), incentive rein*
forcemeat (K), and habit strength (SHE),
combine multiplicitively to give SEE.

these variables

In the determination

of' reaction potential the major magnitude is & rather than
SHE.

©rive is vary important in Bull1a system for three

reasons i (1) primary reinforcement is dependent upon drive;
(2) drive activates habit strength into reaction potential#

n
so that without it there could be 00 responses and (3)
without the distinctive®®** of drive stimuli an organism
could mot learn to go to erne place for foed when hungry*
and to another place for voter when thiraty.
Investigators have studied these relationships
using a variety of techniques and obtaining a variety of
results.

One problem which is faced in many studies is

that of distinguishing baeween measurements of performance
and measurements of learning*

How is it possible to separate

and measure accurately either of these variables when the
Interrelationship between them is complex?

in order to study

the effect of drive on habit strength and reaction potential
perhaps we must look at each problem separately* examining
the techniques used and results of each in turn,

let us

first look at studies of the relationship of drive and habit
strength*

Btmvm Of THE EFFECTS OF DRIVE ON LEARNING
Methods of varying drive level;
In most studies of the hunger drive the level of aotl*
vatlosi is varied by subjecting different groups of animal* to
varying hours of deprivation (U* 13* 19* 21* 22* 23* 2b* 35*
44* 45* 52,55, 41* 74* 76).
definition of drive.

this is in accordance with Hull9#

However* this is where the similarity

22

between studies ends.

the tout* of

deprivation

the animal® .are subjected vary widely from

to which

mm study

to

another, and 1st only a'few experiments ate the asm# valve#

used.

The procedure most commonly used 1# that of first

adapting the animal to a feeding schedule* and then* after
a certain period of time, feeding hist* usually for a sped.

1

i

t

fled period of time* a certain number of hours prior to ex
perimentation.

Thi* technique points out the following prob

lem which shall be dealt with In another section of this
paper.

What is the function of a feeding schedule prior

to experimentation* and what is the minimm amount of time
required for the animal to adjust to- periodic feeding?
A second method of varying drive level la to feed
the animal varying amount# of food a constant length of time
before experimentation.

This technique is used exclusively

in only one study (65)* but is used in conjunction with
varying hours of deprivation in sows other studies (11* 61).
Apparatus and dependent variables

When drive level has been varied during lemming
some measure must be male of its effects on the learning,
process.

Bees an Increase in drive level facilitate learning

or doe# it have no effect on the learning' process?

The. tech

nique# used' to- answer this question vary somewhat with the
type of apparatus used,

let us first examine types of appa-
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ratue and the dependent variables used before turning to
experimental designs and results*

Some investigators here

employed the Skinner box in an instrumental response type
of situation.

1st this situation the most common measure of

Habit strength is resistance to extinction,

finan and

faylor (26), Finan (25)# and Strassburger (74) used |fee
« * > ■ « Si jy*P°»gfia t e l g B otlnctlon «nd extlnctlwi time

as indices of the resistance to extinction.

Strassburger also

added to this list the irate of responding during extinction.
Kendler (43) using irrelevant drive during learning and ex*
tinction, also measured the number of responses Jfco extinction.
learning time vas used by linen and by Strassburger as another
Index of the effect of drive*

In this case the animal, after

a period of adaptation to receiving food in pellet form with
an accompanying click, vas required to press the lever a con*
stant number of times to receive food*

the total time in

minutes for this learning process vas recorded*

In these

experiments differences between the various deprivation groups
with respect to the measures employed mere thought to reflect
differences In habit strength due to the motivational condl*
tioas present at the time of learning# i.e., it is expected that
with an optimal drive level daring training learning time will
be shorter# there mill be a greater number of responses to ex

tinction, the time required for extinction will he longer,
end the rate of responding during extinction will he more
rapid.
Rumfaya of various lengths here been employed in
several experiments (13, lf# St, 61, 65) . Running tivse, i.e.,
the time required to res frm « starting hex. after the door
is opened to the goal hog is, quite naturally, one of the
measures of habit strength used In each of these studies.
Reynolds (63), lewis and Cotton (52), and Campbell mod
Kraeling (13) used a constant number of learning trials
followed, by a series of extinction trials in which there was
f
*.' *
i
! 1
no reinforcement in the goal box, and measured running times
during both sets of trials.

During extinction they also
!
>1
<
measured the iggBfagr of triglg tg jBtiSESlSB* *» « slightly
different situation 0*Kelly and Heyer (61) continued learning
trials until, the median miming rise shewed three successive
trials without significant Improvement.
run after 3 and 6 weeks,

Retention tests were

latencies during retention ware com*

pared to those during learning to determine any effects which
drive might have had on habit strength*

the use of a learning

criterion introduces another problem*, .any significant differences
which are found between the motivational groups may be due in
part to the fact that animals,* reach the criterion after dll*
fering numbers of reinforcements during training*
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A im
55*- 76).

studies have been done using stares (35» 45,

With this type of apparatus there Is another de

pendent variable which can be measured - Jg& number el
errors during learning snd test trlcls. MacOuff (55) and
Klllasan, Hunter * «<< Kimble (35) a n d the »»«biy ,pf errors
■teiSS lornlng

retention aa a measure of h.bit strength.

MacBufff, using a .16-unit

iaea»ured the ittsaber of

trials, the number of errors, and learning tine required to
reach a learning criterion, the masher of errors on a retention teat 6 weeks later, and the m a »gr

s£ MMlS M i MSSSSM

for relearntng. Hillman, %wter and Kimble, using 15 training
trials on a 10-unit T-mase, measured U s , and ££ror accrjss
during lemming and test trials which were conducted under
changed amounts off deprivation,

in a single f-raaze feel (76)

also employed a learning criterion .and subjected the animals
to extinction, measuring

im both

cases the mss&>er of trials

to tha criterion. Randier and Bencher (45) used a single-unit
f-mase during learning, and gar# test trials on a ease with 6
radieting alleys.

tt»y counted the number of correct responses

during testing, a correct response being one which wee rainforced*
There are two studies which use a brightness discrimi
nation problem to test the effects of varying motivational
levels on learning (21, 22).

Eisman, Asimov and Maltzasan (22)
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used a learning criterion followed by a teat period.

Number

at error, during learning and the nuaber of trial, to the
criterion were measured.

The teat period, in this easewes

reversal training* i.e., the animal was rewarded when he went
to the stimulus which had been previously unreinforced.

They

have a rather unusual measure of resistance to extinction.
They used the number of responses during testing to the pre
viously positive, reinforced stimulus as
tance to extinction.
tlon criterion.

m

index of resis

This eliminates the use of an extinc*

Using a learning criterion also, Eisman (21)

recorded the number of errors and trials during acquisition.
To summarise, Skinner bores, straight runways, T-aases,
and discrimination boxes have been used to study the effects
of drive on habit strength.

The dependent variables in these

studies vary with the type of apparatus.

Common to the Skinner

box studies are measures of resistance to extinction.

In run

ways all investigators have measured running times. With mace and
discrimination problems the prevailing measure has been number
of errors.
■Rype.

of

ccperlBental design.
There are two main experimental designs which have been

used in studies of the effect of drive on the learning process.
In the first method, learning for the different experimental
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groupt takes plat#

under varying motivational

and then the animals ar«

tmtm I under

condition®

constant drive level

to discover 11 there are any differences he tween the groups
with respect to degree of habit strength.

This technique

was used by the earlier experimenter* in this area, hut
it la not the most common one*

Host Investigators, have

utilised a second design * a 2x2 factorial.

Her# each ex*

perimental group is trained under a different motivational
level.

Then the groups are subdivided with each of the

subgroups representing one of the motivational conditions
under which training took place and then tested.

The. data

le treated by the a»aly*is~o£~variii*ice technique -and. the
effects of drive upon habit strength and performance can
be separated.

Any effect on habit is demonstrated if the

measures obtained on the test trials are significantly dif*
ferent for the animal# trained- -on the learning trials under
different degrees of motivation.

An effect

m

performance

is demonstrated if the same measures are significantly
different for animal#tun under the different motivational
levels on the teat trials,

let

m

now look at these expert*

mental designs more carefully and the results which have been
obtained using each.

during testinii. Hi this group of expert*
«sents Strassburger (74) alone report# results which are
consistent with
that habit

atrcstgfh is. independent of drive at the tin©

of learning.
23 and 47

UtilX1# theory, i.e., which deoonscrate

Be used deprivation periods of t» I*. 4* 11,

hour# during acquisition of a bar-pressing habit,

and extinguished
period

a ll group* under a constant deprivation

of 13 hoar#. 30 reinforced acquisition tria l#

mm

given to animals under 4t II* 13 and 47 hoar# drivel 10 to*inforteuefitf were

given tinder

I, 4 and 23 hoars depriva

tion; | reinforced teepee## was given under condition# of
l»

11$ 23 and 4? hours deprivation, there wcr* from 10

toM animals in each of the## 12 expericaental groups.
Sirassburgor found chat there net# no sig n ifio sn t differencei
between the groups with respect to resistance to extinction,
even though the octal tine required

m

coaplet# the rein*

f e h a w # process was significantly shorter under 11 and
2.3 hours of deprivation than, imder 47 hour# deprivation,
but ho concluded in 'addition that the effect of reinforce*
went upon the strength of a b«r~presaing response is not

m

modified by deprivation period* from %*hei*r to 42
hours*
the Strassburger experiment is a replication ©f
the. fins** (25)
results.

Irtish, reported guise different

Fine© had earlier given 30 reinforced training

response* under deprivations of. l $ 12* 24 and 48 hours
and extinguished all groups under 24 hours deprivation.
He found that the

mm wmfcm of

response* during extinc

tion increased from 1 to It hours of deprivation and
dropped off at 24 and 48 hours deprivation.

Hie only

significant difference between group*, however, was found
between the I* and. 12-hour groups#
similar to those of

m

These result* were

earlier experiment by Finan and

Taylor (**>.«
KacDuff (S5> used the same amounts of deprivation
i

during learning
group.

m

Finan with the exceptions of the i-hour

However, in her experiment each series of training

trials was separated by

m

interval of 1 week* and the

trials were continued until a learning criterion of 8
errors or Isas on a. 16 unit T-mes© was reached on
of 4 successive, trial*.

$

out

In the second part of the sosperi*

went MacBtiff used massed training trials to the same
learning criterion.

Hetentioa tests were given, after 6

30

weeks in the firat pert end after 2 weeks in the second
pert*

The reantt* showed that in hath case# the animals

run under stronger drire made fewer etna during learning
than rats run under weaker drive*

Alsu there was better

retention with a stronger drive, as shown by both the
number of errors made and the mean number of trials to
relearn the mare.

MacBuff interpreted the superiod re

tention of the 40-hour group to the fixative qualities
of stronger motivation*
Being thirst rather than a hunger drive, 0*Kelly
and Beyer (61) obtained results similar to these of
HacBuff.

With a single trial per deprivation period,

they continued training trials until the median running
time on a runway showed 3 successive trials without sig
nificant improvement. Training trials were run under con
ditions of 11% and 35% hour# of water deprivation*

And

additional group was used In which the animals were de
prived of water for 35 hours, and % hour before running
they were given 2/3 of an average 36-hour total water
intake.
weeks.

The retention test# were given after 3 or 6
The 35%-hour group showed the greatest efficiency

of performance during learning, and on retention tests
after both 3 and 6 weeks.

The effect was more pronounced

after 3 weeks without practise than after 6 weeks*

0*Kelly
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mi

Heyar stated that eheit results m

Hulltan theory*

contrcry to

The motivational variable was sigai*

ipite&i*
One further study must he, mentioned here*

Reynold*

(65) attempted to vary drive level at the time of training
\ i
„

by varying the

r

msmmt

<

of food given a constant number of

M r s prior to training 'trials*' He hoped that the use of
this technique

wmli

give results contrary to those of

Fiaan and Mscbufi# -and thus lend support to thill's hypo*
thesis. '
’Reynolds- first subjected his animals to a 24*hour
maintenance schedule, feeding them It grams dally* 'Then he
'
' 1’
' -i(
fed the tm drive animals It grans and the high drive ani*
mals 3 grams at their usual' feeding time# and gave them 25
training trials 24 hours later*
carried out
deprivation.

m

Ixtiaction trials were

the fifth day following training,.'at' 24 hours
Reynolds found that* under M a e conditions#

training with a lover level of drive

wtt% elicit

a greater

number of trials to extinction this when animal# are trained
with a higher level of drive# wt*m level of drive is equated
before, extinction.

However, he interprets his results to

mean not that habit*strength of the lev drive group was
greater but rather that the habit acquired by the high
drive group had a greater amount of conditioned inhibition

within It because of She shorter latencies of the high
drive group.

Thus the high drive animals shooed a faster

rata of extinction.
It he* been seen that when drive i» varied faring
learning and habit strength is subsequently tested under
a constant motivation, moat investigator* have found an
optijBa* otivs tefvei. tor learning *■ »trass©utgct atone
-j-——-■J

t

'

T

l

d M H H t i l f c i l M K i M k J b

T * S t rhVl ■» ira . t i g . ■•^rtfiii

a^L • Mi^i ill

hsi reported conclusive results showing that habit strength
ia not a function of drive at the tine of acquisition.

• Studtea In which « 2s2 fa c to ria l <te»li» i« uaed.
.a gef et|Nir£mental design ha* provided a greater number
.of studies which find that drive level at the time of
learning has no significant effect on habit strength.

In

this method a constant number of training trials is usually
given.
r-^ If,,

Although the total number of training trials varies
iti Slitll H .T l .'i ’M

SffJIMi.'

a*g>)k rW*W»

£»2 s

« M b . S i K M U i ^ j l t k .4K.

*— ■ -- -O' J' - r t ^

In •Jfc l S J ^ l i r

»

xr<m one atuny to another there are three studies VpIOXI re*
port similar results (13, 35* 76).

Teel (76) used Si train*

lug trials on a mass* I of which vers forced to insure signal
number of relnforeed end unreinforced runs for all animals;
Hillman, Hunter and iM>i# <3S>* using: voter 'deprivation*
gave one maze trial a day

im

fifteen days; and Campbell and

Kraeling gave toe trial* a veeh on a runway far 7 week*.
Hie deprivation intervals used during training vary as much
as the number of training trials given.. Teel used 1* 7* IS
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and

ZZ hour*

of deprivation; Hillman, Banter and Kimble

trained under

Z and M

hours of

m tm

defurlvstloii! and

Campbell and Creeling used 13 and 60 hours deprivation
for learning.

Despite this lack of similarity in the

independent variable values rise results of these three
smiles support Hull,

feel found that

m

analysis of

v.eritKiee* performed #ii.eatlaeti.mi. data* indicated lack
of significant differences In SHR resulting from varia
tions In shrive strength during conditioning*
Hunter

Hillman,

r<w*t*ift reported that there mas no evidence

that the number of errors mss related to strength of
motivation

at

.ear point.! and .that the learning curves

shovel that speed of running seemed to depend almost en
tirely upon activation during the, trials when it. mas
measured,

an analysis of variance shooed that the only

significant experimental contribution to variability mss
that from the motivational level at the time that the
measures

mtm

using

obtained.

Campbe11 end Kraeling found that*,

running speeds, tic variance attributable to

drive level during training mas significant.* whereas vari
ances due to drive level during extinction .and. the inter
action

mm

not significant,

an analysis of the rcaistsnce-

to-Sactinecion data shoved no significant differences be
tween any of the four groups.
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&modified

factorial design was used by Beese

end Carpenter (If). They gave 34 training trials on
a runway either I hour prior to daily feeding or I hour
following the daily feeding, and then reversed the drive
levels for the two groups.

When the drive level

wm

changed the animals trained under low drive immediately
reached the asymptote established by the animsl* under
high drive*

Deese and Carpenter interpreted this as

indicating that training under low drive had been as
effective as that under high drive.
There are several other studies Which support
these findings and are thus in accordance with Hull1a
position.

These conclusions, however, are only incidental

to the main purpose of the experiment.

Handler (43 re

ported an experiment in which the hunger (rewarded) drive
was indirectly affected by manipulating water intake.

In

this study 30 food reinforcements were given during training
under conditions of either 12 or 22 hours of water deprivation.
With a 2x2 design, by comparing groups which had the earns
motivation during acquisition but different motivation during
extinction, Handler found no difference between the effects
of a 12 and 22 hour co-existent thirst drive during extinction,
he concluded that variation of the additional drive (thirst)

did not Affect the acquisition of the bar-pressing responoe*
Xu another study Kendler and Mencher (45) inves
tigated

the' effects of motivation

m

spatial learning.

After 20 training trial* on « ’T-msse* under conditions
of 6 or 21 hour* of deprivation, the animals were given
test trial* in which they could go dowuone of six. radiat
ing alley*.

Only the alley leading to the previous location

of the food: we* reinforced on test trials.

Xt was found

that the intensity of motivation during the training series
had

m

effect upon the amount of spatial learning shown in

the test series.
There is one. other study which might he said to
agree with the HuIlian position*

Brown (11) investigated

the habit strength of a new response reinforced only by
secondary reinforcement* and found that the hunger drive
does not affect the secondary reinforcing power acquired

by

a neutral stimulus*
In the only experiment of this section which gives
conclusive contrary results, a "learning criterion, was em
ployed rather than a constant number of training trials.
Being deprivation intervals of 4, 22 and 45 hours* Eisman,
Asimov and Maltsmsn (22) trained animats to a criterion
of 14 correct responses out of 16 trial* * An analysis of

$$

variance revealed significant difference# in resistance

m m tim tim m *

function of tlm drive during learning*

fit® 4» end. 22*hewr

gtmpm did tmt

differ significantly*

but the 44-hour group mas significantly different from
the ether t grouse et Beyond the .01 level,
concluded that Sim bears
drive during learning*

mm

the author#

functional mlafcloniihip to

But as vas pointed

mt

eartier, the

nee of a teaming criterion complicates the finding#.

Imti*

and Cotton (52) report a study that offers only a tentative
conclusion that drive does affect habit strength.
Jk

^ *S

nM S i r t ■ « 3 » m

^ *■““ -■■ ■
”

f B

l

t'

. 'k M l d i k A

a finti atuny must he, notea* gievum vZi/ » using
mrJS

varying hours of deprivation, eapleyed a ear parameter of
drive, i.e., the hours of deprivation during a unit of time.
He proposed that vhan. animals are deprived 4) out of 48
hours varying the number of hours of deprivation at time
of measurement mill not produce differences ip learning.
M t h respect to mean number of errors mad trials to reach
the learning oriterion, this hypothesis mas verified and
the animals that mar# deprived 4) out of 48 hours performed
significantly better than those vbich mare deprived 24 out
of 25 hours.

wlSISSBES#
4 variety rf method# of atudying the effect of drive
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m

learning have

tmm reviewed.

The types of apparatus

employed In the study of this problem ares
be*©#* straight

*mm?ih

end f•«**©#.

BUitmm

Xn neat studies

drive level is varied by subjecting different ©apartsaeiital
groups ga varying hoars of deprivation prior to acquisition
and/or testing*

There are two main experimental designs.

Xx» the first# drive la varied at tine of acquisition# and
all animal# are tested under a constant drive level.
With the second design, a 2*7 factorial design, drive is
varied both at the time of acfoisitioft and at the time of
testing*

It has been noted ’that with only one enecytion

all those studies using the first method have found; an
optimal drive level for learning,

however* studies in

which drive Is varied during both learning and testing
have generally concluded that there are no differences
in habit strength as a function of drive at the time of
learning*
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TABLE I t

SUHNARV OF STUDIES OF THE EFFECTS OP DRIVE ON LEARNING
length of
feed? ng
schedule

Brown

f

Campbell &
greeting

NO* Of
ret iifs,
during
learning

*****>mm

20

0 days

24

fcYsmbn.''. r

2 weeks

•m
-H
f„•»«*»

114 trials
lout of !0
fcorrect
14 trials
|o«t of 16
(correct

21 days
5 days

30

1

In nan fr
jfayior

I% days

30

|

4»<i*«i,«*w»

if?1tman,
liunter, &
klmble

I
I 2 days
1

|

*-m•*•>•*»

|(end!er
i

1
1

|

-mtmwtimm:

F 1nan

kendier
ftoytcher

t

Lewis &
Cotton

7 days

? days
10 days

HacDuff
b’Kefly
Heyer

?

I

Reynolds

20

I

»*w**r».

30

|

•►#»»*,»«»

several
weeks

k

1 * 10* 30

r

1

,,
5»
I
---------- L

-----

12,60 hrs,
food dep.

4 foot
runway

run elther
3 foot
before or
after fecdlra runway
Slackwhite
£1scrim.

run either
before or
after feadfn

Black4, 22, 46
Mrs, food
white
deprivation Siscrim,
Skinner
1* 12* 24*
48 hrs, »
Box
foodd*o
1, 12, 24, 1
48 h el
5klnner
Jfos4.<to* _.|..
..2, 22 lira*}
water dep J
*
jT-aiaae.

4, 22, 46
hrs, food
... dep...
24 hrs,
dep.
24 hrs,
«to.

***1

2,22 hrs.
water dep.

22 Mrs, -food)
dep,; 12,22
hn* wet.deni

hrs.wat.dep.

6, 22 hrs,
food dep.

6,22 hrs,
food dep.

p choice
I isaze

1,4-22 hrs. r f ° ° *
food dm.
!runw*f
jless than 8 12, 2h, h8
16 unit
hrs.
«****«»
(error* of 3
maze
food
dep.
-.-.. -.rr.rput of.4...*r
I trials
Hif 35i
12 foot
«»**•*
I wi th no
hrs. water
runway
1 chance
(to.
25

22 hrs.food
dep.; 12,22
hrs.wat.dep.

22 hrs,food
dep,; 12*22 Skinner
Sox
hrs.wat.dep.

3

?

jStrassburger 4 days

Ifeel

30

Drive at
time of
testing

Drive at / :Apparatus
time of
used
learning

12, 60 hrs.
food dep.

14
nun.imr.inrni.iilwntinuninmtcimnrjij

Deese 1
tCarpenter

|Efsman*
psimow* 6
ka! tzman.

learning
to
Criterion

• Pre-feedi ng 20 foot
3 or ‘12 gms. runway

22 hrs,food

4cp412,22

1,6,22 hrs.
food dep.
24 hr*,
dep.
Ilf hrs,
dep,
24 Mrs1
.”
dep.
f
s

i* 1*4,11,23
Sklnswr
23 hrs.
4? hrs.
**
j dep.
food (to.
Single j 1*7*16*22
1,7 ,15,22
unit
j hrs .food
*--hr*, food
T-maze f
dep.
---- J— .tea— —

STUDIES OF TEE EFFECTS OF DRIVE OH PERFORMANCE
a
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w eav

•.■ a o m e o F W ro ^ m - s a 's o —

Method. of vwryiwK drive level

tn

thl# group of #tudie« again the predominant de

finition #1 drive Is im term© of hours of deprivation <11,
14, 15, 17, IS, 30, 32 , 37, 47,54, 62, 63, 68, 60, 77, 84,
87).

With

m%f tm

exceptions <41, 46) Hie investigator*

in this area hare varied drive level by prefeeding a .con
stant amount at a varying number of hours before testing.
Kittle (46)' used this technique with higher levels of drive,
hut for testing under conditions of

%m drive

lie varied the

amount of time allowed for eating after 24 hour# of depri
vation, interrupting feeding after 10 ©r 15 minutes.
is only one aspariamt Which produced differences
by varying' the percent body weight.

There

im drive

Jenkins and Daugherty

<41) using pigeons, trained under 80% body weight and then
!

.

ran extinction -trial#: under 70 and 90% body weight.
A number of experimanteratussidea Kimble have
examined the effects of a low degree of hunger drive on
reaction potential.

This ha# produced a methodological

problem of how to insure complete satiation.

A procedure

such a# that used by Salteman and ROch (68) is usually
., *
v
1■'. ' ‘ •‘
followed* They placed moist food in the animals' cage

40

for about 1 hour.

Warn the

animal had stopped eating,

the. experimenter alternately offered it. dry end isoies
food by heed, until the- food

mm refuged.

After this,

the food container wee left in the cage until there
elapeed a two lieitt interval during which the animal
did not

mt*

Apparatus end dependent variables

the most popular apparatus in this gerlea of
ers|Hirifi
w>.!it# is again the

box.

m e fnftfofir pf

M B H M U W isiai *BUSB£lgS *»* been a*** by ■ «*a**r of
investigators as a measure e® cue ©ngnitiuso ©* the re
action potential, when drive level during extinction i*
varied <11, 32, 42, 42, 42, 63, b8).

Sackett <68) also

Measured the average time elapsing between each conditioning
im w S nm w

SUsSmmm^

iLtCfcC*

-SSmSmimmtXEiSS^

STAWISNS^BlflNfta

*5Seiwi(25*AN^^

.

*

SS$C$8^636rIfcWHftiFfcCl
-

W PSgS.

which used widely differing notivationai levels during

m»

Unction hut which employed identical measwresuf reaction
potential * Perin (62) , Roch and Daniel (47) and Saltm a n
and loch.. (69) measured the number of extinction responses.
jit ti«e required .for; extinction, and the .latency .toy th§
first 1 extinction responses. for this last measure, the
animal was permitted one extinction response, removed frost
the apparatus for one minute, retested, removed for one

41

minute and retested again.

mm

These recovery intervals

used im the hope that through spontaneous recovery,

the major part of t ho extinction effects resulting ftoat
the preceding nm-reinforcemcnts would he eliminated*
Using on extinction session followed fey e relearning
session, Brown (iDraeasured the mmfcer M

responses

durtiw relearning, as wall as the number

of reapoaags

during extinction, Esmond <63)» in a repetition of en
experiment by loess (54),

used a double*bar Skinner box.

In this apparatus a series of training trials vas given with
a free choice trial followed by

t

forced choice trials.

On

the forced trial# only one of the bar# was presented to the
subject. With' this technique measures were made of the

l i i s m si n & t B a m m £>e

“ »a the

percent choices of jhe mare:frecoentlv reinforced her on
the free choice .trials*
Straight mnwavs have been emoloved in onlv 'two
# p IwA* w S S f c o s m * -

m - W ? n » w # m j r *s*

s iip v w

■ js a p is p -.a e '

w^wj(

•% # # .

w s is s a jp

» w w

studies. ■Bansigar <11) and Cotton <15) used running time
as a'measure of the effect of drive level upon performance.
Bentiger, In addition, measured latency, I.e., the length
of time it takes the animal to leave the starting box.
Some modified runways have been used Which require
the animal to make a discrimination.

Cental# (14) used a

situation in Which the animal had to discriminate between

Af

a White and a black allay and naaimf#<§ Ike number jfg
responses to the learning and extinction criteria* and
Che number Ol correct responaea daring legrnlna, Dawenporc
(18) devised an unusual apparatus with a starting allay
and I platforms, ana of which contained reinforcement.
As In the &*aond study* a free choice trial was followed
fey 2 forced choice trials, end £grceot chofee ffl| £&S

BSS&

frequently reinforced side wee calculated, Thu r«t«-ofapproach to the choice ’
point

wm

alto measured.

A type of apparatus, involving a panel^puihitig ra*»
spouse* hat been, coed in a aeries of experiments studying
reaction potential (30* 37, 46* 84* 89).

the technique*

involved in these studies are* *in general, quite similar,
the animal is placed in the experimental horn, and a guillotine door at, one .-end is. raised* deposing a panel*

the re*

spouse required was to push the panel so that it swings open
and the animal can obtain food pellets from a cup located
behind the panel* When the guillotine door is lifted a
timer is started*

Pushing the panel open stops the timer,

thus giving- a latency measure* Horenst«in (3?) and Webb
(84) measured reaction potential during extinction by y#«*
cording the BB&££
latencies.

Si

extinction r.apona.a

and m m m

In addition Horenstein calculated food Intake

subsequent to extinction, and Webb measured the total time required

for extinction. Kimble (46) m& Cries end Bevia (30)
used whet they refer to ms test trials during which
drive level was varied, end’measured ruiming lime on
these trials.

Actually the test trials of Orice end

Bavia were similar to extinction trials is that no
reinforcement
tfie

mm given,

in addition to- latencies they

of reep^ses end the rate of re*

spending during teating. Kimble, however* provided
reinforcement and measured latency only during, the teat
trials#

Iceman and House (89) also dealt with the

goner1
#!.'problem of drive and reaction potential end- used
a paneX-fmshittg response, hut concerned themselves with
escape,from a light cma^artment to a dark one*

The lap

plications of this study shall he discussed at a later
point.
there is only one experiment Which, makes use of
a f*msse*1 Teel sad Webb gave

m

equal number of .rein

forced and unreinforced runs on a single-unit T-auuse

mi

reported the percent of .correct responses during test
trials.

A correct response

mm defined

as one to the

previously enforced side*'
“In summary,, studies of the relationship between
drive

mi

reaction potential various types of apparatus

have been used, e.g., single and double-bar Skinner hoses,

m

runways, discrimination

hmm' and

panel bastes• the

measures of reaction potential which have boon employed
are;

resistance to extinction, response latency, percent

of correct choice, miming tine, learning time and foci:
intake.

Types of Enxsrtoetitci designs
In Reeling with the problem of the r&tlonship
between drive and reaction potential the main technique

bm

been to keep drive level constant during training

and then vary drive in a subsequent test period.

With

this method a predetermined mister of training trials
are usually given, hut in any ease, it la always assumed
that the habit strength of all animals is equal before
drive is varied and test trials are given*
years other techniques have been introduced,

in more recent
these have

varied widely .and, necessarily, must be dealt with sepa
rately.

training »nd varied during t o tins, Th. paper by farin

(62) represents the most Important work in this area,
mainly because It served

m

the model for Hull*# theoretical
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formulations.

It

is also important ttowev<ar, because the

gwan&atiw* relationship between drive and reaction poten
tial which it presents has beta the basis for much dis
agreement.

Brier to Berios work ’two- atodies had freest done

which escorted much influence on Hull*# thinking end I*efin*B
study,

the first of these was an experiment fry Saekett

(68)♦

Although Saekett*# results were not significant he

suggested that resistance to extinction is decreased fry
a corresponding increase in drive at the tine of extinction*
following this, a paper fry Heather# and Arakelian <32) pre
sented _evidence that animals with stronger drive make more
extinction reactions than do animals with a maker drive.
Their results indicated that extinction effects may fro
conditioned to- a given strength of drive.

Heathers and

Arakelian proposed that effective strength of a habit varies
,

\

’

directly with the strength of the drive present at (the
of

m tim tim *

tim

With the framework constructed it was left

for Perin to give conclusive evidence of the relationship
between reaction potential and drive* and to quantify this
relationship.
Perin described. M s experiment as a multi-variable
one "in that it is designed to show behavior as a mathe
matical function of two antecedent variables* the degree of
training* .and the Intensity of the hunger drive present at the

%tm

th® behavior potential is matured*®, <52, p-* #3>*

the design was

in

three-dimensicwual form with the two

independent variables representing two of the dimensions,
and the dependant: variable, behavior fotential,. occupying
the- third dimension.
groups:

More specifically, fetiu had two

in the first, drive was held constant at 24-hour®

and the number of imiMorceammis given during acquisition
of a bar-pressing response, with ail groups subsequently
extinguished tinder 3 -hours of deprivation,

the second

group' received 15. reinforcements during learning, but
extinction took piece under varying hour# of deprivation,
the data for a third group was obtained from a previous
experiment by Williams (85) ♦ this group was like the
first, in that the animals- received a varying number of
reinforcements on ■the lemming day* ■but metinetic® was
carried out under 22 hours deprivation,

in. general, the

results indicated that the nusaber of extinction reactions
and, -the -time required lot? .extinction arc both, increasing
functions of the number of previous reinforcements mod.
the number of hours food 'deprivation.

Hunger (as defined

by the number of hours of deprivation) and the- number of
reinforcements eos&iae wultiplicatively in their determi
nation of the- number of extinction response* - the measure of
behavior potential,

although there was no group which was
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extinguished under ximro'hunger drive, extrapolation

ftm

from the corves indicated that a number of aoa-reinforced
responses may he expected under such a condition,
the

mmm& of

reaction potential at aero drive ha*

led to a rasher of studies and much controversy.

loch

and Daniel (47) and Salesman and Koch <6S) used * bar*
pressing habit-of maximum strength (70 reinforcements
during training) and I w intensities of hunger drive, and
found that Perin’a theoretical values were incorrect..
Perin found relatively high values of behavior strength
at aero hunger,, with only small, increments in the curve
as hunger is increased to the 2-hour level.

However, the

results of the loch and Daniel study showed m m

m m

re*

action potential values at m r o hunger • SaXtsmsa and Koch,
using values of 1, 1

mi

2 hours of deprivation before

m*

tinction, found a rapid and progressive byiId-up of be
havior strength.

They pointed out that as hunger intensity

increased from aero to 2 hour# the amount of disagreement
between their value,* of behavior strength and those predicted
by Perin progressively decreased.

It was suggested that a l l

derivations in Bull.1* system involving, intensifies of hunger
from 0-2 hours will be incorrect.

In a critical review of

the. £0«b and Daniel paper Woodbury (86) Interpreted the

ra p id rise in behavior strength in the first hour after
satiation m the result of modification- of internal stimuli.
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This modification was probably greatest la the first
hour after satiation* sad resulted
effective habit strength.

in

a rapid rise la

Woodbury therefor* concluded

that Hull*s aasuiaption of a linear relationship between
drive stiiauli and drive strength was incorrect.

hanzlger

(17), though not dealing directly with Bullion theory,
found that even under condition* of satiation, behavior
will stun? evidence of the continued action of acme sort
of hunger drive, provided that the animals had been pre
viously rewarded in the

mm

situation.

Osnslger used

ext expetiosnisl group which inis reinforced during 12
training iritis and a control group which received no rereinforcement during the training trials* When, the animals
were then rim immediately after eating with reward in the
goal bbx* there was a significant difference between, the.
groups« Be explained the. results in ''terms of’.an <%xternallaatlon of drive" theory similar'’to that of Anderson
<3# 3)*
There are three studies (14, 37, 46) which substan
tiate the eeafeined empirical evidence of the ferlm and

Saltamass and Koch studies*

Ris&le (46), using IS rein

forced learning trials in a panel-pushing situation and
0, 2, 8, 15 and 14 hours of food deprivation at the time
of testing, reported that there was no increase in be
havior strength for about 1 hour after eating to satiation
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and a sharp rlee in tins second horn*

tn the -period,

itm f hra* to 14 hra* after satiation (ha curve re
lating reciprocal latencies tn hours mi food depriva
tion tme similar to that described by thill* Hhan the
drive-controlling operation was prefeediog, it was found
that there vs© a rapid drop in the reciprocal latency
associated with an increase in tiae allowed for' pre\
feeding. This too would he predicted from Bull1a theory,
itorenstem

was tntercsrea m aescrxoing cue iwwaner

in which each of three measures of behavior strength *
resistance to- extinction*. latency, and food intake changed

m

a taction of the strength of the hunger drive

at the time of testing*

Test trials were given 0# 2* 12*

and 23% hoar# after satiation.

Curves .for all three

measures «bowed the sharp rise hetween 9 and 2 hours da*
ptivatta that was reported by Salesman and Koch.

There

was a gradual rise from 2 to 23% hours of deprivation,
consistent with the: results of tain.

According to Horen-

stein the habit strength, /evoked by the stimulus value at
which reinforcement occurred (23%) should be the greatest
evoked along the attains continuum.

This pointed, to the

cue value of drive and suggested that for valises greater
than, the

me

at Which reinforcement occurred* there should

also be a decrease in the reaction 'potential evoked*

In

the Cancels. (14) eaq^rimsftt this was found to be the

tn

case,

this study training on a runway took fleet

under IS hours deprivation to a ofitaton of I# out of
20 correct trials, the last 10 being correct,

SstInc*

tion wee curried out wader one of the. following condi
tion#s 0* 6» 12* 47 ee.7i hour# deprivation*

H e curvet

for response# to SRtinetlun increased up to 23' hour#
deprivation, then decreased slowly to
vation.

tl

Steers depri

The author stated that these result# are anti-

cifsted by Hull., According 'to Hull drive .act# loth -as
a flaulfctplieative factor with habit strength to produce
reaction potential, and as a cue stimulus** (14, p. 302).'
In 'this case the stronger drive level

(ft

hours deprivation)

would increase reaction potential, hut also would operate
to reduce the reaction potential* since its cue value was
a generalised one on the stimulus generalisation .gradient*
One other study* which Is cevelant to the problem tea*
sldered in this section* used a pecking response in pigeons
(Jenkins and Daugherty* 41)* twenty reinforced response# per
day for 5 days were given during training.

As noted pre

viously, their method of varying drive level was to vary
per cent body weight.*

In spite of these deviations from

most of the other studies, the result# clearly indicate
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increasing pwbers of extinction .responses with in*
creasing drive* and are In agreement with Hull and
Perin.
Thus ft appears that shea drive level la eon*
ataut during training

mi

varied during subsequent

testis* reaction, potential ti#e» sharply intthe first
2 hours of deprivation,.and..from..3 to,..24 hours of depri

COLLEGE OF WILLIAM & MARY

vation the increase in gradual* :^
'

, 'f

Studies waploving a series of forced ..and .free
trials* Chronologically the first study to employ this
technique eras, one hy -feel ■and' Webb (77) * They-were. in*
terested in the level of occurrence of a response in the
absence of the drive under which it was originally acquired*
The animals were given 4 £*masd trials daily, two forced'
and two free choice* for. 14 days*, under 2$ hours deprive*
eion. "after the training trials, each day the animals
were fed, and from the second day until the end of training*
satiation trials were given immediately after sating#

The

results were presented1in percentages of correct responses on
the free -choice trials, each -day# far both the satiated trials
and the non-satiated training trials*

They shewed that even

on the first day of satiation trials 70% of the animals re*
speeded to the aide on which reinforcement was obtained during,
training* - These results are in opposition to those obtained

52

by Koch

m i Daniel,

close to

not® after

their results

uito reported
satiation.

im terms e l the'

a reaction

feel

mi

potential

$ebb eaplaloed

faotivatlonsl properties

which the acltsnlos complex acquires, and suggest that
this Is a possible explanation for'the difference be
tween their results and those of Koch and Daniel, i.e.,
in the Skinner best situation of the' latter experiment
secondary reinforcement cues ere minimised, whereas the

masse used by feel end Webb might possess a more specific
a tta in s character-'
■'three other studies (18, 54,. 63) here need' this
technique of giving forced and free trials to test the
mete general hypothesis of 'Bail; that reaction potential Is
a multiplicative taction of 'drive

mi

habit strength,

loess (54) , using deprivation groups of 4 and 22 hours
hunger induced the animals to chmm'mm bar rattier than
the other by manipulating the delay of reinforcement, so
that the animals
*

cmm to

choose the short data her on
i

* *

free trials* 'Because of the presence of «j$ additional vari
able, delay of

min£mcmmtt the results vets

inconclusive.

Rsmcmd (63) improved the technique of loess and obtained
results vhich supported the HuUlan positionhypothesis

mm

Rsmond’s

that if two habits are 'built into

m

animal

under differing levels of drive, 'the choice behavior
is a function of the difference between the excitatory
potentials of the responses 'between which the- choice
is made; 40 blocks of three trials each were given over
a period of

mm a

£2

days#

la each block of trial# the first

free choice trial with both bars presented to the

animal,

H m forced trial# were achieved by presenting

only one her to the animal. In each block of trials
there were two. trials to Bar A and one'trial to Bar g,
thus insuring twice as many reinforced response# to one
bar#

the drive level for the two groups was 4 and 22

hours of deprivation*

the results showed that the high

drive group chose the more frequently reinforced, bar
significantly more than the low drive group#

Hie differ

ence In choice behavior of the two drive groups

mm

in

terpreted a* supportingHull** assumption that drive
and habit strength combine multiplicatively to produce
reaction potential.
Davenport (18) modified the Esmond experiment,
adding

m48-hour

discrimination.

deprivation .group* end -using a spatial
Hi# results, however, were quite different,

showing a low degree of discrimination in all deprivation
groups#

Hie percent choice' of the more frequently rein-

forced side

mm not

clearly shown to be

m

Increasing

$4

taonotonic function
side*

to

be

the

of

the

mm

tmmmlmimmm, of

4uo to

frequently reinforced
the data we# considered

the apparent presence

of

* high degree of

generalisation between the stimulus complex## to be die**
criminated end the operation o f an e n l r e m i potitIon habit.
In

mmmtuy* when

investigatore hare #®ployed bloch#

o f forced and free trial#* it ha# been indicated that habit
strength and drive combine saultiplicatively to give *«»
action p oten tial.

With thla design it also appears that

even with aero drive there ia substantial reaction potent

iis l«
Studies in which animals are subjected fco repeated
period# of deprivation.

Although two studies have been

don# which used repeated deprivation periods*, the techni
ques within this general category vary widely ,. despite

these differences the results of each study confirm the
Ruliian hypothesis that response Strength- increase# with

increased deprivation time,

lotus examine the techniques

individually.

In order to obtain a bar-pressing' h ab it of maximum
strength* Vataaguchi ( 8?) ’gave 88 .training tr ia l# under 3*
12* 24, 48 or 72 hours of deprivation*

fhese were followed

by massed extinction trials* each group being extinguished

as

a t it# training level of hunger, to a c rite rio n of 2 minute#
of no responding,

fhe train in g tr ia l# were given' in group#

of 4 t r i a l s per session, 1 session per 5 days.

In order to

achieve th is a l l hunger groups were on a 5-day maintenance
schedule with 72 hours of hunger followed by 48 hours of
feeding aC libitum and ending with enforced s a tia tio n .

Bach

subject was trained a t the appropriate time within the
72-hour hunger period, depending upon i t s deprivation group.
She resu lts showed th a t when reaction potential was plotted
as a function of hours of deprivation the curve was concave
between 8 and 24 hours of hunger, ju s t as Perin’e was found
to- be.

Based on the median number of extinction response#

the empirical maximum reaction potential i s a t 48 hours,
and the th eo retical maximum i s between 48 and 72 hours of
deprivation.
In another experiment. Cotton (15) endeavored to
show the relationship between reaction potential and drive
during te stin g , excluding the effect# of extraneous v a ri
able# suoh a# drive*stimulu# generalisation.

In order to

eliminate gneralication effect# eaoh animal spent one day
under eaoh of the deprivation condition# * 0, 6, 18* and
22 hours.
daily.

Baoh subject wa# given 10 rewarded runway tr ia l s

Drive conditions changed each day in a random order.

After 17 days of preliminary tra in in g , the train in g period
continued from days 18 through 81* the same procedure was
followed throughout the t e s t period, u n til a l l animals in
a group had made a minimum of 49 acceptable responses under
each of the drive le v e ls.

Responses were considered unao*

eeptabie when there were one or more competing responses
euoh as retracin g , washing, b itin g , touching the walls of
the mase, e tc .

A second te s t period was run on one of

the groups in order to provide 49 additional acceptable
responses,

the re su lts supported previous findings th a t

"response strength, which is inversely rela ted to mean
daily running time, increases with increased deprivation
time" (15, p. 198),■ In the analysis of the- data- latencies
were p lo tted both with and without competing reaponses.
Cotton pointed out th a t when the t r i a l s with competing
responses were elim inated, the magnitude -of the group
trend was reduced, indicating th a t the major e ffe c t of
higher lev els of drive Is one of reducing the occurrence
■jr

of competing responses rath er than increasing speed of
running per se.
Biue, i t has been seen th a t when extinction t r i a l s
are carried out a t the train in g level of hunger, again the
curve of reaction "potential rise s gradually between 3 and

24 hour* of deprivation. With drive-atiaulus generalisa
tio n eliminated, response' strength s t i l l increases with
increased deprivation time/#

Studies m t m irre le v a n t d riv es: Irrelev an t drives
have been used to explain the presence of substantial
reaction potential under aero 'motivation*

In the S u llie s

system*, when the primary drive i s satiated* there i s
present a ’generalised d r ir e * s ta te which functions as a
detom iner of response strength.
la an experiment by Webb (84) ■a l l •animals were •
train ed under condition* of 12 hours- food deprivation*
Training consisted of 90 panel-pushing responses.

In a l l

experimental group# extinction tr ia l# were carried cut
with the relevant drive* hunger* satiated*

D ifferent

group#* however* were subjected to d ifferin g degree# of an
irre le v a n t t h i r s t drive. . the condition# of th ir s t wore
0* 3, 12* or 22 hour# of water deprivation.

Bit - result#

suggested 'th a t response strength did. vary with the change#
■in In te n sity of a n 'irre le v a n t drive*

This e ffe c t on

■reaction potential was in terp reted a# a contributor to a
*generalised drive1 s ta te .

Webb1# re su lts also agreed

with fa rin w ith 'resp ect to the strength of re«f©»#e. a t
aero relevant drive*

Faria found th a t the number of trial#

m
to extinction a t sero drive varied between 17'and 8.8
percent of tbe number of responses a t 84 hours drive.
In the Webb experiment the Corresponding percent of
response was 17,

these re su lts have been confirmed by

Brandauer (10) in a re p e titio n of the Webb study.

Con

tra ry re s u lts , however, hajve been supplied by f r ie s and
Bavi s (30).4 In th e ir experiment four group* of animal#
were trained under hunger motivation.

The extinction

t r i a l s were carried out under d ifferen t motivational con
ditions*

one group was extinguished under 22 hours food

deprivation! ’*one group while sa tia te d i one under 22 hours
w ater-deprivationi and one group was allowed to drink for
$0 minutes prio r to testing*

the re su lts showed no

sig n ific an t difference between the sa tia te d and th ir s ty
group.

This was contrary to the re su lts of Webb, who

found the irre le v a n t t h i r s t drive groups superior to. the
sa tia te d group* Cries and Davis concluded th a t although
th e ir resu lts do not lend support to the generalised drive
theory, there are other studies which have upheld I t .

they

Implied th a t the Webb study did not necessarily support the
theory' e ith e r because- the positive rela tio n th a t he found,
between hours of water deprivation and the strength, during
extinction, of a response learned under conditiotte of food

deprivation, may be due to increasing strength, of the
hunger drive accompanying the increase in the th irst,
drive.
In a study by Zeeman and louse (88), using lig h t
aversion as the drive, it'w as shown, th a t even with aero
drive, irre le v a n t drives motivated h ab it stru ctu re.

These

in v estig ato rs used a **lighttt drive because i t provides no
secondary reinforcing associations and does not ia te ra o t
with; 'Other drives.

They used an experimental group which

was train ed to escape from a lig h t compartment into a dark
one, and a control group for which both compartments were
dark during tra in in g .

Then -test t r i a l s were given in which

both compartments were dark.

At the time of te stin g i t was

found th a t the reaction p o ten tial, as measured by mean
latency, of the group which learned under conditions of no
drive was equal to approximately SO% of the maximum strength
produced by learning under drive.
There remains one other study which does not properly
f i t into any of the foregoing categories, but should.be
mentioned because i t deals with the effects of drive on
performance.

Brown (11) has used secondary reinforcement

in a Skinner Box to study the effects of high drive (82 hours
deprivation) and low drive (8 hours deprivation) on the
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learning, extinotion, and relearning of an instrumental
response* A fter a pairing session the learning* extinction,
and relearning t r i a l s erere carried oat under high and loir
drive conditions with only secondary reinforcement being
given,

the design was 2x2x2 fa c to ria l.

I t was found th a t

in general drive affected performance, but did not affeo t
the secondary reinforcing power acquired by a neutral
stimulus*
Summary :
In studies of the relatio n sh ip between drive and
reaction potential most investigators have used a constant
drive level during train in g , and then given a se rie s of te s t
t r i a l s under varying lev el of motivation.

Skinner boxes

have been the most frequent type of apparatus, but run-ways
and maces have also been used.

I t Is generally agreed th a t

h ab it strength and drive combine m u ltip licatlv ely to pro**
duoe reaction p o te n tia l, and th a t w ithin ce rtain lim its
(between 2 and 24 hours of deprivation) reaction potential
increases slowly with an increase in drive.

In the f i r s t

2 hours subsequent to sa tia tio n a sharper increase in
reaction potential i s found*
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Table III Summary of Studios of the iffact of Hr!a* m frntfmmmm
length

m

feeding

schedule

Ho* of
relnf*,
during

learning
to
Criterion

Ortv* at

©five at

time of

*lmmm#

learning

testing

% f IHPPfpl

apparatus
used

Ijf f

IP*iWfO*»W»trtWlW

8, |2 hr*
dtp

8,92 hr*

Ikfanaf
BO*

O&ttM
II hr*

IS «*rs

iieck
iritfte
dl

Seme m
training

SO foot
runway

0 hrs

with I

hseaisi

m
mHJBKs m
m
training
sriea

f®®« ffanal
hrs* fppttiftg

nsaswpdi*

II hrs.
o# ,
2| hr$. I Skinner
d«P*
I dap. ■
I SO*

I I week

M
NM
tj

231 hrs.

renstalnf 10 days

0.2.lf.2Si
*«•»J hrs.
| pushing
yot a go% pigeons *
L
X Jw£„
T
fcedMee
powf
ivesndhsa

0 I
gharty

iRunway
*
^* *&
jjjf***?*
dfscrim.

1

SI

a

n

i

m

a

t r*4
e P«»ntng
!
response

0

7 days

I
nasm* wSfr
tflwm
fllS*

%,2t hrs

Seme as
training

Skinner
f
**
*
WtE
X*K

Seuh!e«fiaf
Skinner

tfseprtiMHew

II-hrs*

!«1*!M3

Skinner

hrs, dap. I 8o*

7 days

emend

%days

m mt

ttm m

a

7 days

80 mint.
ft.

hrs
twmn i n w a t w u t

S*s fed
J| r

I l f .hrs
dap

Same m
training
imiMpmenwwTii*

*IC«r

0ot3b!e*har
Skinner

go*

* retiem ^ B mr
^ i * 31 * *

hU t

hrs, dap

Skinner
Sox

62

Table It, Cont'd.
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STUDIES OP TO EFFECTS OF REPEATED DSmmpOSS
There Is general agreement In the lite r a tu r e th a t
feeding behavior i s oyolioal in nature.

I t has already

been mentioned th a t Richter (66, 67) and Sunt and
Schlosberg (38) have demonstrated th a t maximum intake
occurs during early evening* and minimum intake occurs
during the day.

More recently Siegel and Stuckey (71)

measured food and water intake every 6 hours for $ days*
and obtained curves o£ eating and drinking which were
sim ilar to those of'Hunt and Schlosberg.

f i l b e r t 'and

dames (29) also measured food and water intake every
6 hours, but regulated the day-night conditions by a lte r 
nating period® of 12 hours in which the lig h t in the
anim al's cage wason with periods of 12 hour® in which
the .light .was turned off* 'With th is technique they ^
found th a t about three-fourth® of the daily intake
occurs during the 12 hour# of night-tim e conditions#
When the lig h t was l e f t on continuously fo r 24 hours a
sig n ific an t depreiblon of the rhythmiclty was fifed*

A

depression o f rhythmiclty was also observed when the
animal was deprived of water fo r 24. hours* When conditions
of light-on and water deprivation were present simultaneously
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the eating oyole was o b literate d completely.

These re su lts

suggest th a t rhythmical eating 1$ not defendant solely on
e ith e r Internal or-external cues.

Bare (?) has shown th a t

a f te r a single deprivation period the effects of the daynight oycle are s t i l l apparent.

This,leads us to the

problem of what occurs when the animal i s placed on a
feeding sohedule and the feeding cyel.es are'-'restricted.
In most of the experiments mentioned thus fa r the animals
have been placed on a feeding schedule p rior to experimen
ta tio n , and subjected to fu rth er deprivations of varying
in te rv a ls during eith er' learning or te stin g or both. What
then i s minimum time required for an animal to adjust to
a feeding schedule, and what effects do d iffe re n t depriva
tion periods have,,on such measures as food intake, a c tiv ity ,
exploratory behavior, body weight, e t c . ?
Adjustment to feedingschedulest
I t has been found in several studies

8$*.; 49,

64) th a t when animals were placed on a feeding schedule
the d aily intake and the time spent in oonsummatory behavior
increased during the f i r s t 6-10 days of re strio te d feeding.
Held and Finger (64) ac tu ally found a decrease in intake
during the f i r s t -6.days of a 23-hour feeding sohedule.
Thereafter they found a gradual increase in food and water

m
intake, which reached an asymptote of G&% of the base in
take by the 20th day* Lawrence and Mason (40) found, how
ever, th a t with a 22-hour schedule intake w ill reach an
asymptote a f te r 6-7 days,

th is period of adjustment was

shorter with each subsequent exposure to a feeding schedule*
Using feeding schedules of 12, 24, and 36 hours deprivation
Baker (0) found th a t the amount consumed during feeding
increased during the f i r s t 10 days.

At th is point most

animals were eating twice as much as they had on the f i r s t
day.

the amount of time spent in feeding increased gradually

in the f i r s t 20 days.

Although her animals were on a 23-

hour food deprivation sohedule for only 7 days, Ghent (28)
found an Increase in amount of time spent in eating during
th is period.

Ithen body weight is measured, both Reid and

Finger and Lawrence and Mason found th a t weight decreased
when animals were placed on deprivation schedules.
Lawrence and Mason found an asymptote a fte r about 6-7 days,
but Reid and Finger found weight losses occurring throughout
the f i r s t 10-18 days*

Regardless of the differences in

d e ta ils of these experiments, the re su lts of each point to
the hypothesis th a t the animal learns to eat on a re stric te d
feeding schedule when the food Is present.
I t has been found th a t a c tiv ity , as measured with
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an a c tiv ity wheel, also increased during the period of
adjustment to a feeding sohedule. R a il, Smith, Sohniteer,
and Hanford (31) found th a t although the a c tiv ity of a
control group remained re la tiv e ly stab le, the a c tiv ity of
animals on a 23-hour deprivation schedule rose to 1400# of
normal a t the 12th day of re s tric te d feeding,

th e re after

there were fluctuations in the a c tiv ity curve, hut they
were variab le.

In the Held and finger experiment i t was

found th a t the a c tiv ity rose to a maximum of 1382# of the
base during the 35 days of re stric te d feeding,

they

pointed out th a t according to th is measure adjustment to
a 23-hour feeding schedule was incomplete even a fte r 35
*

days.

There were indications th a t a c tiv ity is not the

preferred measure of adjustment to a feeding sohedule, and
the other measures used by Reid and Finger indicated th a t
15 days is the minimum period for adjustment to re stric te d
feeding.

After th is time there are further increases in

a c tiv ity , but changes in weight and intake are small.
i

The effects of the length of deprivation in te rv a ly
With respect to food intake there are two studies
(8, SO) which have shown th a t there is an increase in amount
eaten with increasing deprivation.

In the Baker study (6)
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i t was found th a t there m e a perfect negative co rrelatio n
between the length of deprivation and the intake,

th is

was found to be true fo r those animals on e ith e r a 12,
24, or 36-deprlvation sohedule and for those animals who
were subjeoted to varying periods of deprivation.

Lawrence

and ilason (SO) investigated the relatio n sh ip between an
established eating rhythm and the amount of food ingested
a fte r varying in terv ale of deprivation,

they had four

periodic groups in which the animals were fed for 3 hours
daily a t the same time each day.

(these groups were fed

a t e ith e r 9 a.m ., 1 p.m., 6 p.m., or 9 p.m. and there were
no differences in intake with respect to the time a t which
feeding occurred.)

An aperiodic group was also fed for

3 hours a t a time, but the deprivation Interval varied
irre g u la rly from 4-48 hours.

After 27 days on one of

these sohedulee all'a n im a ls were tested a fte r interval* of
deprivation ranging from 4-48 hours.

Both group* showed

an increase in amount eaten with increasing deprivations
up to 24 hours.

Beyond 24 hours the period!© group showed

a decrease but the aperiodic group showed no change.

The

animals of the -periodic group tended to eat more food i f
the te s t feeding came a t the regularly scheduled time of
day than i f i t came a t any other time.

The authors stated
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th a t th is difference in eating behavior of the 2 groups
supports the hypothesis th a t the amount *n animal eats
a f te r a deprivation in terv al i s determined, in a large
p a rt, by past experience.
Studies of the relatio n of deprivation in terv al
to a c tiv ity have shown increases in a c tiv ity with longer
periods of deprivation.

Siegel and Steinberg (70) deter

mined the a c tiv ity level of animals, then divided the
animals in to 4 groups and measured a c tiv ity a fte r a single
deprivation of 12, 24, 38 or 48 hours,

the curve of

a c tiv ity as a function of hours of deprivation was found
to be negatively accelerated.

In another experiment,

Finger (27) recorded a c tiv ity daily fo r a period of one
week of ad libitum feeding.

The animals were then sub

jected to e ith e r a 24- or 48-hour deprivation and put
back on an u nrestricted feeding sohedule.

The 24-hour

deprivation led to small but re lia b le increases in a c tiv ity ,
and a deprivation period of 72 hours led to a 94.2$ Increase
in a c tiv ity .

*%en the food was restored the a c tiv ity level

was depressed fa r below normal; 57% of normal for the 24hour group and 17.6$ of normal level for the 72-hour group.
This ©ffeot continued for several days.

Finger referred

to th is depression of a c tiv ity as the sa tiatio n syndrome,

m
and pointed out th a t i t can d is to rt the measurement of
responses in studies in which the hunger drive I s manipu
la te d ,

In both of the studies mentioned in th is paragraph,

a c tiv ity has been locomotor.

Strong (75) devised an

apparatus which measured both looomotory and non-1ocomotory
a c tiv ity .

After determining a aondeprtvation base a c tiv ity

level he put the animals on 0~, 24k* 48-, or 7E-hour depri
vation schedules,

the re su lts showed th a t hunger prim arily

increases locomotor a c tiv ity , and decreases fin e r, nonlocomotor a c tiv ity .
Studies of the e ffe c t of deprivation on exploratory
behavior have led to co n flictin g re s u lts .

Using a T-mase

Montgomery (66) showed th a t a E4-hour food deprivation
sig n ific an tly reduced the amount of exploratory behavior.
Longer periods of 48 and 72 hours of food deprivation pro
duced no fu rth er reduction in exploratory behavior.

Two

groups were used in th is experimentsa control group had
free access to food and water a t a ll times in 'their home
cages, and the animals were tested for 10 minutes daily in
the m assi.the experimental group .was on a 24-hour feeding
sohedule for 6 days p rio r to experimentation, and then food
was removed from the home cages, and 10-minute te s t t r i a l s
on the mas® were given each day, providing measures of

exploration a fte r 24, 46, and 72 hours o f deprivation.
Alderatein and Fehrer {§) used a d ifferen t technique to
study the exploratory behavior of hungry and,satiated ra ts
i s a sample* maae, and found th a t when ra ts are 23-hours
deprived they explore sig n ific an tly more units of the mage
than arises they are sa tia te d ,

The two group# of animals

were exposed .to the mass under conditions of both hunger
and s a tia tio n .

One group was gives 3 set# of te s t tr ia l#

on the mase under condition# of hunger followed by 2 set#
of sa tiated tria ls *

Each se t of tr ia l# was separated by

3 days of continuous'access to food and water, J?hr-animal#
in the second group were f i r s t given 2 seta of tr ia l# under
condition# of sa tia tio n , and then 1 se t under hunger.
S atiatio n was defined as continuous access to food and water,
and the hunger, condition wa# 23-hours food deprivation.

•••In th is section the .studies have been reviewed which
deal -with adjustment.1’to a r e s t rioted feeding, schedule and
the 'amount and rat®, of intake a f te r various, period# of
deprivation.

I t has been found th a t a period of a t le a s t

seven days is necessary for the animal to adjust to- a feed
ing, schedule,

During th is adjustment the animal gradually

n
learns to eat a t the time in which food is av ailab le.
Thus i f the daily feeding occurs a t a time when the animal,
would not o rdinarily eat* he w ill learn to eat a t th is
time.

Also when an animal 'has been placed on a feeding

schedule and i s then subjected to a deprivation period
the amount and rate of intake is a fm otion of the hour®
of deprivation* i.e .* both measures increase with increas
ing deprivations.

A ctivity has also been seen to increase

with longer deprivation periods.

SUMMARY i m C0HCLUSI08S

th is review has attempted to examine and organise
the lite ra tu re on hunger drive in the r a t.

Drive has been

studied in rela tio n to learning, response strength, a c tiv ity ,
food intake, and feeding schedules*

In the e a rlie s t studies

strength of motivation was defined e ith e r in terms of the
resistance th a t an animal would overcome to obtain food, or
in terns of the level of general a c tiv ity of the organism.
The general finding was th a t a c tiv ity le v e l, as well as the
number of b a rrie r crossings to reach food, is an increasing
function of the length of deprivation up to a t le a s t 38
hours of food deprivation.

There gradually developed an

in te re s t in the question of whether there is an optimal
drive level fo r learning.

Several investigators did find

th a t learning would occur more quickly and retention of a
h ab it would be b e tte r under higher drive lev els.

However,

i t was la te r suggested th a t drive may affeo t the performance
of a learned response, but not the strength of the h ab it.
In 1943 Hull*® th eo retical formulations were published,
providing teetab le hypotheses for the experimental work
which followed.

Bull sta tes th a t drive level a t the time

of learning does not a ffe c t the strength of the resulting
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Habit,

the main variable la habit strength. (#B) Is the

am ber of reinforcements given daring learning.

Drive and

hab it strength combine mulhipilea hively to produce reaction
p o te n tia l {$%), an intervening variable roughly equivalent
to response strength.
One source of c o n flic t i s relationship between
drive level a t the time of learning and h ab it strength.
Whether the level of drive a t the time of learning does or
does not a ffe c t habit strength is a function of the experi
mental design employed,
used.

two experimental designs have been

In the e a rlie r studies the technique was to vary

drive level during train in g and hold i t constant during
te stin g ,

Bata from th is type of experiment have shown, with

few exceptions, th at' drive level during, training does a ffe c t
h ab it strength*, a re s u lt apparently contrary to H ull’s
theory.

In more recent years a 2x2 fa c to ria l design has

been more frequently used and has brought fo rth re s u lts which
support Bull*s position th a t drive does not a ffe c t habit
strength.

With a 2x2 fa c to ria l design, drive is varied

during learning, each of the experimental groups i s then
sub-divided, and testin g occurs for each sub-group under
one of the drive levels used during learning,

'this design

Is superior to the e a rlie r one in th at i t affords control
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for the generalisation o f the drive stim ulus.
Of special in te re s t is the fa c t th a t when a learn
ing c rite rio n has been employed the data have consistently
shown th a t drive a ffe c ts habit strength.

Furthermore,

when a 2x2 factorial.design is used, the only two studies
in which the re su lts are in terp reted as conclusive evidence
contrary to the Bullion position have used a learning
c rite rio n .

Ihe use of a learning c rite rio n introduces an

additional variable in so far as differing numbers of
acquisition t r i a l s are given.

Since the number of rein 

forcements during learning i s the main variable in h ab it
strength according to Hull, i t follows th a t when the
animals have received a varying number of train in g t r i a l s
i t is not possible to separate out the effects of drive,
because each animal has a d ifferen t degree of h ab it strength
a t the conclusion of train in g .
In studies of the e ffe c t of drive on reaction poten
t i a l there seems to be more agreement.

Most investigators

find th a t habit strength and drive combine m ultipi1cat!vely
to produce reaction p o te n tia l.

Between 3 and 24 hours of

food deprivation reaction p o ten tial is an increasing function
of drive le v e l,

the period between 0 and 3 hours has been

the subject of controversy.

According to Hull even with

7§

aero hunger drive there should be a substantial reaction
potential due to the presence of irre lev a n t drives.

How

ever, several investigators have indicated th a t with con*
•ditions of sa tia tio n no measurable degree of reaction
poten tial is present.

Others have found a substantial

amount of reaction p o ten tial a t zero hunger.

The sum of

evidence seems to suggest a sharp rise in response strength
in the f i r s t two hours following sa tia tio n .
One fu rth e r aspect of drive must be mentioned.

It

has been shown numerous times th a t i f an animal is placed
on a feeding schedule, a t le a s t seven days are required
for the organism to adjust to re s tric te d feeding.

During

th is adjustment period the animal learns to ea t during
the time th a t food is available.

Most investigators have

used feeding schedules for varying periods of time 'p rio r
to experimentation. . But the length of time an animal has
been on re stric te d feeding does not seem to a ffe c t the data
Obtained, in th a t studies using feeding schedules of three
days have reported resu lts sim ilar to studies with a 'three*
*

week feeding schedule.

Table III:

(Thirst drives indicated by *)

Independent and Dependent Variables in Studies of Hunger Drive

Table includes only studies using either hunger or thirst drives
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